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WIND  TUNNEL  TESTS  OF  AN  0.019-SCALE  SPACE  SHUTTLE 

INTEGRATED  VEHICLE  -2A  CONFIGURATION  (MODEL  lU-OTS)  IN  THE 
NASA  AMES  8 X 7-FOOT  UNITARY  WIND  TUNNEL  (IA12C) 

By 

R.  B.  Hardin  and  R.  R.  Burrows 
Rockwell  International  Space  Division 

ABSTRACT 

This  report  contains  information  concerning  a wind  tunnel  test  of  the 
0. 019-scale  Space  Shuttle  Integrated  Vehicle  in  the  Ames  8 x 7-foot  Uni- 
tary Wind  Tunnel.  The  test  started  11  July  1973  for  a total  of  133  runs 
and  165  charge  hours.  The  test  identification  number  is  IA12C. 

The  purpose  of  the  test  was  to  determine  the  effects  of  cold  jet  gas 
plumes  on  (1)  the  integrated  vehicle  longitudinal  and  lateral— directional 
force  data,  (2)  exposed  wing  hinge  moment,  (3)  wing  pressure  distributions, 
(it)  orbiter  MPS  external  presstire  distributions,  and  (5)  model  base 
pressures.  An  investigation  was  undertaken  to  determine  the  similarity 
between  solid  and  gaseous  plumes;  fluorescent  oil  flow  visualization 
studies  were  also  conducted. 

This  report  is  published  in  three  volumes.  Volume  I contains  plotted 
force  data  and  tabulated  listings  of  the  force  and  nozzle  pressure  data. 
Volume  II  contains  plotted  wing  pressure  data  while  Volume  III  contains 
the  corresponding  tabulated  data  listing. 
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NOMENCLATURE 

General 

SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

a 

speed  of  sound;  m/sec,  ft/sec 

CP 

CP 

pressure  coefficient;  (p1  - PoD)/q 

M 

MACH 

Mach  number;  V/a 

P 

pressure;  N/m2,  psf 

q 

il 

a r cr 

dynamic  pressure;  l/ppV2,  N/m2,  psf 

rn/l 

rn/l 

unit  Reynolds  number;  per  m,  per  ft 

V 

velocity;  m/sec,  ft/sec 

a 

ALPHA 

angle  of  attack,  degrees 

0 

BETA 

angle  of  sideslip,  degrees 

* 

PSI 

angle  of  yaw,  degrees 

* 

PHI 

angle  of  roll,  .egrees 

P 

mass  density;  kg/m^,  slugs/ft^ 

Reference  & C.G.  Definitions 

Ab 

base  area;  nr\  ft1' 

b 

BREF 

wing  span  or  reference  span;  m,  ft 

c.g. 

center  of  gravity 

4ef 

c 

LREF 

reference  Length  or  wing  mean 
aerodynamic  f,hord;  m,  ft 

S 

5REF 

wing  area  or  reference  area;  m‘  , ft* 

MRP 

mom*  nt  r*T»T»*noM  point 

XMRF 

moment,  refer-  :io*  point  on  X axis 

YMRP 

moment  reference  point  on  Y axif 

ZMRP 

moment  ref'Terie,*  point  on  Z axis 

SUBSCRIPTS 

b 

L 

t 

CD 

bn  ;>• 

1 oca  i 

ta  t L *ordi  tion  ■ 
tot  a ! cor;  litions 
ctrewm 

M 


NOMENCLATURE  (Continued) 
Body-Axi:;  Uystcm 


SYMBOL 

SADOAC 

SYMBOL 

definition 

CN 

CN 

normal -Sorer*  coefficient;  norr:r!  1 ?0Trt' 

nC 

CA 

CA 

axial- force  coefficient;  !ii*. 

ial  force 

1T< 

CV 

OY 

aide -force  coefficient; 

c force 

Y 

!>-• 

°Ab 

CAB 

b-i:;i'-)'or  coeft"  ;ietit;  K1:* 

~Ab(Pb  ‘ P't,)/'!r: 

e for^e 

Ty 

CAf 

CAF 

forebod;,  axial  force  co**fii 

L-lr'nt,  C,  - C,b 

cm 

nit  chi  nr -mom ent  coefficient:  t -l  moment 

Cn 

CYN 

y a v/ 1. n f' -mom* » n t coefficient; 

ynwiruj  moment 
■[Ub 

ci 

CBL 

r oil  i t i r-mom< .Tit  < ’0* * f f i e i e n t ; 

rolling  moment 
j b 

CL 

CL 

Ctabi Lity-Axi a Cyatem 
lift  coefficient;  iiii 

r 

CD 

CD 

drar  *,o»*ffiei»*rit; 

'1- 

% 

CUB 

ba ■ -Irac  eo*»  f f i eient-.  j 

ir*a; 

1 

r* 

‘'ft- 

CDF 

for*  body  ir*w*  coefficient; 

rl)  - '>*, 

CV 

cy 

. ■ lde-for>*»*  • oef  f lei**nt ; 

*•  for*"*. 

Y 

r 

n 

‘’UM 

pi  trail  nr -mo  \ -nt  '*oef  flci'-nt 

i*‘ 

. ni  Vn  irt?  mom*1!.'. 

C 

CLN 

y ■ » v 1 nr  - nome  u t c oe  f f 1 * * i e ij  t ; 

yawl nr  moment 

n 

lUb 

f,z 

CCL 

rolllnr-mownt  e ^efficient ; 

rolilnr  moment 

iEb 

l/d 

L/C 

lift  - to- :rr  ratio;  C^/c^ 

L/u,. 

L/  Dr 

Lift  to  for* -body  drag  ratio;  rjJr^ 
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NOMENCLATURE  (Continued) 


ADDITIONS  TO  STANDARD  EIJCLATURE 


Symbol 

Description 

AbACPS 

Attitude  control  propulsion  system  base  area, 
ft2  (total  for  two) 

Ab£OHT 

External  tank  total  base  area  (cavity  plus 
model  base),  ft2 

AbQMS 

Base  area  of  orbital  maneuvering  system  (minus 
projected  area  of  OMS  nozzle),  ft2  (total  for  two) 

AboMSN 

Nozzle  exit  area  of  OMS,  ft2  (total  for  two) 

AboRB 

Total  orbiter  base  ar.ea  (minus  projected  exit 
area  of  MPS  nozzles) , ft2 

AbsRM 

SRM  shroud  base  area  (minus  projected  nozzle 
exit  area) , (total  for  two) , ft2 

^EOHT 

External  tank  cavity  area,  ft2 

^ORB 

Orbiter  cavity  area,  ft2 

^SRM 

SRM  cavity  area,  ft2  (total  for  two) 

an0rb 

Total  exit  area  of  (3)  orbiter  MPS  nozzles* 
ft2 

^SRM 

Total  exit  area  of  (2)  SRM  nozzles*  ft2 

a 

Distance  from  gage  to  MRP  (positive  forward 

of  MRP)*  inches 

*>„ 

orbiter  exposed  wing  panel  semi-span  (distance 
from  exposed  root  chord  to  tip  chord.)*  inches 

Elevon  M.A.C.  length,  inches 

cr 

Rudder  M.A.C.  length,  inches 

CaBAL 

Balance  chord  force  coefficient  (uncorrected)* 

CAw 

bACPS 

Attitude  control  manuevering  system  base 
chord  force  coefficient 

cAv 

“EOHT 

External  tank  base  chord  force  coefficient 
(based  on  Ab£0HT) 

CAbEOHT 

External  tank  base  chord  force  coefficient 
(based  on  Aq^) 

CAfaOMS 

Orbital  maneuvering  system  base  chord  force 
coefficient. 

10 


NOMENCLATURE  (Conti nued ) 


Plot 

Symbol 


CHEO, 
CHE  I 


Symbol 
CA, 


c*b, 

* 

cav 


bOMSN 

ORB 

sORB 


CA, 


bSRM 


* 

Ca 


dSRM 


CAc, 


EOHT 


CAC 


EOHT 


CAC 


* 

ca, 


ORB 


ORB 


CA. 


CSRM 


^SRM 

CAnorb 

Cansrm 

°Af 

Cat 

CH 

CBW 


C«e 


( ) 


Description 

Orbital  manuevering  system  nozzle  base  chord 
force  coefficient 

Orbiter  base  chord  force  coefficient  (based 
on 

°ORB 

Orbiter  base  chord  force  coefficient  (based 

on  Acorb.) 

SRM  base  chord  force  coefficient  (based  on 
AbSRM^ 

SRM  base  chord  force  coefficient  (based  on 
^SRM^ 

External  tank  cavity  chord  force  coefficient 
(corrected  to  base  pressure) 

External  tank  cavity  chord  force  coefficient 
(based  on  ^Ceoht  anc*  cavity  pressures) 

Orbiter  cavity  chord  force  coefficient 
(corrected  to  base  pressure) 

Orbiter  cavity  chord  force  coefficient  (based 
on  aCqr3  anc*  orbiter  cavity  pressures) 

SRM  cavity  chord  force  coefficient 
(corrected  to  base  pressure) 

SRM  cavity  chord  force  coefficient  (based  on 
ACsrm  and  SRM  cavity  pressures) 

Orbiter  nozzle  chord  force  coefficient 

SRM  nozzle  chord  force  coefficient 

Ascent  vehicle  forebody  chord  force  coefficient 

Ascent  vehicle  total  chord  force  coefficient 

Ascent  vehicle  rolling  moment  coefficient 

Wing  bending  moment  coefficient  about  exposed 
root  chord 

Elevon  hinge  moment  coefficient  (Subscript 
denotes  Inboard  or  outboard) 


NOMENCLATURE  (Continued) 


Plot 

Symbol 

CHW 

CBU 


CNW 


Symbol 

C«r 

ChW 

Cmj 

Cmt 

SiAL 

CN 

% 


CP(  ) 

Cy 

Cy 

xn 

Cw 


d 


Description 

Rudder  hinge  moment  coefficient 

Wing  torsional  moment  coefficient 

Ascent  vehicle  forebody  pitching  coefficient 

Ascent  vehicle  total  pitching  moment  coefficient 

Balance  pitching  moment  coefficient 

Ascent  vehicle  normal  force  coefficient 

Normal  force  coefficient  on  one  exposed  wing 
panel 

Wing,  base,  cavity,  and  upper  MPS  nozzle 
pressure  coefficient 

Ascent  vehicle  side  force  coefficient 

Ascent  vehicle  yawing  moment  coefficient 

Mean  aerodynamic  chord  of  exposed  wing  panel 
(based  on  Sy) , inches 

Distance  from  N2  gage  to  MRP  (positive  forward 
of  MRP)  inches 


Distance  from  MRP  to  balance  centerline 
(positive  above  MRP) 

Distance  from  MRP  to  gage  (positive  forward 
of  MRP) 


Gp(  ) Girabal  pitch  angle  of  nozzle  from  null  position 

(denoted  by  subscript),  degrees 

Gy(  ) Gimbal  yaw  angle  of  nozzle  from  null  position 

(denoted  by  subscript),  degrees 


g Distance  from  MRP  to  Y2  gage  (positive  forward 

of  MRP) , inches 


i 


Incidence  angle  of  orbiter  reference  plane 
with  respect  to  EOHT  reference  plane,  degrees 

Elevon  hinge  moment  gage  calibration  factor 
. (subscript  denotes  inboard  or  outboard) 
in.-lb/cts 

Ratio  of  Measured  to  Theoretical  Exit  Pressure 

p* 


NOMENCLATURE  (Continued) 


Symbol 

*r 


Description 

Rudder  hinge  moment  gage  calibration  factor, 
in.-lbs/cts 

Wing  gage  calibration  factor,  in.-lb/ct  where 
i **  gage  number  and  J ■ order  of  K in  the  second 
degree  calibration  curve  fit 


lREF 

“1,2,3 

Ml,2,3 


Mo 

i 

“1,2,3 


"•(  ) 


^(X.Y.Z) 


Nl 

N2 


Longitudinal  reference  length,  inches 

Wing  strain  gage  output  (uncorrected  for 
interactions)  in. -lbs;  where  1 is  the  inboard 
bending  gage , 2 is  the  outboard  bending  gage , 
and  3 is  the  torsion  gage. 

Wing  strain  gage  output  which  has  been  cor- 
rected for  interactions,  in. -lbs;  where  1 
is  the  inboard  bending  gage,  2 is  the  outboard 
bending  gage,  and  3 is  the  torsion  gage. 

Tunnel  freestream  mach  number. 

Wing  strain  gage  output,  raw  data  counts, 
where  1 is  the  inboard  bending  gage,  2 is  the 
outboard  bending  gage,  and  3 is  the  torsion 
gage. 

Elevon  hinge  moment  gage  output,  raw  data 
counts  where  subscript  denotes  inboard  or 
outboard  panel. 

Rudder  hinge  moment  gage  output,  raw  data 
counts . 

Moment  reference  point  in  X,Y,Z  coordinates, 
inches 

Forward  normal  force  gage  output,  pounds 

Aft  normal  force  gage  output,  pounds 

Normal  force  on  exposed  wing  panel , pounds . 

No«le  plenum  total  pressure  denoted  by  a 
subscript 
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NOMENCLATURE  (Continued) 


Symbol  Description 

P*(  ) Nozzle  exit  static  pressure  (denoted  by  a 

subscript) , psia 

p(  ) Model  pressure,  psfa 

Po  Tunnel  static  pressure,  psfa 

PT  Tunnel  total  pressure,  psfa 

^ Tunnel  freest ream  dynamic  pressure,  psf 


RPC(  ) Ratio  of  plenum  total  pressure  to  PT,  denoted 

by  a subscript 

RP«(  ) Ratio  of  nozzle  exit  static  pressure  to  PT, 

denoted  by  a subscript  f 

RN  Tunnel  reynolds  number,  per  foot 

se  Elevon  area  (total  one  side)  ft2 

Rudder  area,  ft2 

Sw  Area  of  one  exposed  wing  panel  (includes  glove 

area) , ft2 

SREF  Reference  area,  ft2 


To  Tunnel  freestream  static  temperature,  *R 

Tt  Tunnel  total  temperature,  *R 

WFi  Model  pressure  weighting  factor,  either 

0 or  1 

Xw  Distance  between  wing  bending  gage  m,  and  o2. 

Inches  * 


NOMENCLATURE  (Continued) 


| 

i 


Symbol 

XCP 


Description 

Model  station  for  center  of  pressure  (X?)  , 
Inches 


XCPw 

*HL 


XT 

yw 


Model  station  of  exposed  wing  panel  center  i 

of  pressure  location  (Xt) , Inches  1 

Orbiter  longitudinal  station,  inches  1 

Orblter  station  of  exposed  wing  torsional  | 

axis,  inches  J 

EOHT  longitudinal  station,  inches  | 

Spanwise  distance  from  the  exposed  wing  root 
chord  to  the  m2  gage  (positive  when  m2  gage 
is  outboard  of  reference  station) , model  scale 
inches 


L.  J 


Orbiter  spanwise  station.  Inches 


ROOT 

YT 

YCPW 

ZbACPS 

Zb£OHT 

Zb 

OMS 


Orbiter  spanwise  station  of  exposed  wing  root 
chord,  inches 

EOHT  spanwise  station,  inches 

Orbiter  spanwise  station  of  exposed  wing  panel 
center  of  pressure  location.  Inches 

Vertical  distance  from  centroid  of  ACPS  base 
area  to  MRP  (positive  above  MRP) , Inches 

Vertical  distance  from  centroid  of  EOHT  base 
area  to  MRP  (positive  above  MRP),  inches 

Vertical  distance  from  centroid  of  OMS  base 
area  to  MRP  (positive  above  MRP),  inches 


OMSN 


Zb, 


ORB 


Zb 


SRM 


Vertical  distance  from  centroid  of  OMS  nozzle 
base  area  to  MRP  (positive  above  MRP),  Inches 

Vertical  distance  from  centroid  of  ORB  base 
area  to  MRP  (positive  above  MRP),  inches 

Vertical  distance  from  centroid  of  SRM  base 
area  to  MRP  (positive  above  MRP),  inches 


NOMENCLATURE  (Conti nued ) 


Symbol 

ZcEOHT 

ZCJ)RB 

ZcSRM 

Znorb 

Znsrm 


«r 


<*»g 


Description 

Vertical  distance  from  centroid  of  EOHT  cavity 
area  to  MRP  (positive  above  MRP) , inches 

Vertical  distance  from  centroid  of  orbiter 
cavity  area  to  MRP  (positive  above  MRP), 
inches 

Vertical  distance  from  centroid  of  SRM  cavity 
area  to  MRP  (positive  above  MRP) , inches 

Vertical  distance  from  centroid  of  orbiter 
nozzle  exit  area  to  .MRP  (positive  above  MRP) , 
Inches 

Vertical  distance  from  centroid  of  SRM  nozzle 
exit  area  to  MRP  (positive  above  MRP) , inches 


Rudder  deflection,  degrees 

First  order  interaction  for  wing  bending  and 
. torsion  gages.  (1)  denotes  first  order  term 
in  a 2nd  degree  curve  fit,  (2)  denotes  second 
order  term  in  a 2nd  degree  curve  fit 

Ascent  vehicle  angle  of  attack  and  side  slip 
respectively,  degrees 


NOMENCLATURE  ( Conti  mwd ) 


Subscripts 

a 

ACPS 

e 

EOHT 

1 
L 
0 

OMS 

OMSN 

ORB 

r 

R 

SRM 

T 

U 

1 

2 

3 

4 


Description 

aileron 

attitude  control  propulsion  system 
elevon 

external  oxygen  hydrogen  tank 

Inboard 

Left 

outboard 

orbital  maneuvering  system 

orbital  maneuvering  system  nozzle 

Orbiter 

Rudder 

Right 

Solid  Rocket  Motor 

Total 

Wing 

Top  MPS  nozzle 
Left  MPS  nozzle 
Right  MTS  nozzle 
Left  SRM  nozzle 
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Right  SRM  nozzle 


NOMENCLATURE  (Concluded) 


Symbol 

Description 

OPR 

Ratio  of  orbiter  chamber  pressure  (Pc)  to  freestream 
total  pressure 

SRMPR 

Ratio  of  SRM  nozzle  exit  pressure  (Pe)  to  freestream 
total  pressure 

MPSRA 

Orbiter  MPS  nozzle  rotation  angle  (same  as  0n),  deg. 

POWER 

ON:  indicates  gaseous  plumes  are  being  generated 

OFF:  indicates  gaseous  plumes  are  not  being  generated 

X/D 

Ratio  of  the  distance  forward  of  the  nozzle  exit  to  the 
internal  diameter  of  the  nozzle  exit 

RUDDER 

Rudder  deflection,  deg. 

4> 

Radial  angle  on  MPS  nozzles  with  <J>  = 0°  on  top,  4 = 90°  < 
the  right  side,  4>  = 180°  on  bottom,  and  $ = 270°  on  left 
side,  looking  forward,  deg. 

®n 

Rotation  angle  of  MPS  nozzles  in  ball  sockets  (clockwise 
rotation  as  looking  forward  is  positive),  deg. 

GIMBAL 

GIMBAL  = 1.0  (GP1  = GY1  = 0°,  GY 2 = -3.5°,  GY3  = +3-5°) 

GIMBAL  = 2.0  (GP1  = +11°,  GY1  = GY 2 = GY 3 = -9°) 

GIMBAL  = 3.0  (GP1  = GP2  = GP3  = +11°,  GY 2 = -3.5°, 

GY 3 = +3.5°,  GPl*  = GP5  = +7.0°) 

GIMBAL  = L.O  (GP1  = -11°,  GP2  = GP3  = -8°,  GY2  = -3*5°, 
GY3  = +3.5°,  GP4  = GP5  = -7°) 

CONFIGURATIONS  INVESTIGATED 


The  model  tested  was  an  0.019-scale  representation  of  the  NASA/ 
Rockwell  configuration  of  the  integrated  space  shuttle  vehicle.  The  model 
had  the  capability  of  cold  Jet  simulation  of  the  Jet  plumes  generated  from 
the  SRM  and  MPS  nozzles. 

The  -2A  configuration  orbiter  was  rigidly  attached  to  the  EOHT  at  0° 
incidence  with  respect  to  the  EOHT  centerline.  The  orbiter  MPS  nozzles 
were  attached  to  the  non-metric  air  supply  system.  Each  nozzle  could  be 
gimbaled  +11°  pitch  and  +9°  yaw. 

The  orbiter  righthand  wing  panel  was  instrumented  with  Uo  static 
pressure  taps  and  the  lefthand  wing  was  instrumented  with  a single  flexure 
three-component  moment  balance.  The  elevon  panels  of  the  lefthand  wing 
panel  were  each  instrumented  with  a single-component  moment  balance. 

The  vertical  tail  rudder  had  the  capability  of  being  deflected  +10°. 
The  rudder  panel  was  instrumented  with  a single-component  moment  balance. 

The  -b  configuration  F0HT  was  mounted  on  a 2.5-inch  sting  mounted 
internal  balance. 

Both  -2A  and  -U  configuration  SRM's  were  available  for  testing.  Each 
SRM  was  rigidly  attached  to  the  EOHT  with  the  SRM  centerline  on  water 
plane  Xrp  = 0.0  in.  and  butt  plane  YT  = 2^3  in.  full  scale.  In  addition 
to  the  baseline  position  the  SRM's  could  be  shifted  forward  71  in.  full 
scale.  The  SRM  nozzles  were  attached  to  the  non-metric  air  supply  system 
and  could  be  gimbaled  +7°  in  pitch  and  +7°  in  yaw. 
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Solid  p]  uines  wort;  fabricated  for  the  three  orbiter  nozzles  and  the 
two  SRM  nozzles  with  the  contours  simulating  the  Mach  3.5  gaseous  plume 
shape. 

The  orbiter  had  three  MI'S  nozzles  whose  individual  gimbal  points  each 
define  the  origin  of  three  separate  reference  systems.  These  reference 
systems  are  shown  in  figure  l (e).  Positive  indications  of  gimbal  pitch 
and  gimbal  yaw  are  shown. 

Figure  1 (f)  is  an  enlarged  view  of  one  of  these  reference  systems. 
All  three  planes  shown  are  at  right  angles  to  one  another.  The  dashed 
lines  are  projections  of  the  nozzle  center] ine  onto  the  pitch  and  yaw 
planes  of  the  reference  system.  (a)  is  the  angle  of  pitch,  either  up  or 
down-  (ip)  is  the  angle  of  yaw,  either  right  or  left. 

Each  nozzle  is  physically  set  to  a gimbal  angle  of  pitch  and/or  yaw 
by  an  appurat.ua  which  measures  0t>),  some  radial  direction  in  the  base 


plane  tuid  (y),  t.lie  an^Jc 

f p »m 

that 

radi  al 

to 

the  nozzle 

center] ine.  The 

sector  is  do  to  mined  by 

(«) 

and  {'i): 

a 

Y 

;'Yu°  t.o  -(i i()“ 

Ou  t.o 

+90° 

n°  to  +90° 

1 8u°  t.,i  ;’Yo" 

O'1  t.o 

-90° 

0°  to  +90° 

90"  t.o  l8o° 

0°  t.o 

-90° 

0°  to  -90° 

0°  to  oo° 

0°  to 

♦90° 

0°  to  -90° 

AJ  1 teat  program:;  :'or 

tli  i 

s mode 

1 IlSc 

the 

symbol 

t, Cj  den fj  f e *.  r. e 

single  t.iiat  the  oenterl  i n>- 

, ( r 

til*-  iiw 

z z 1 * 1 i 

)■ 

itched  (up  or  down;,  a r.u 

Gy,  as  the  angle  that  the  centerline  of  the  nozzle  is  yawed  (right  or 
left).  Up  and  left  are  both  in  the  positive  direction  when  looking  forward, 
Since  all  angles  are  defined  from  the  nozzle  null  position,  the 
relationships  are  as  follows: 


(1)  G = a - a 

P null 


(2)  Cy  = * - *null 


where  anull  ^‘ie  that  the  nozzle  centerline  is  pitched  from 

the  reference  system  axis  to  null  position,  and  ^ is  the  angle  that 
the  nozzle  centerline  is  yawed  from  the  reference  system  axis  to  null 
position  (figure  l[f]). 

The  “null  fiDd  ^null  are  sV^ified  for  each  MPS  nozzle  in  the  dimen- 
sional data  for  II  ^ and  II1Q . It  should  be  noted  here,  that  a side  view 
ot  the  orbiter  shows  that  the  nozzle  base  plate  is  rotated  13°  from 
vetti^al  (figure  l[e]).  Therefore,  the  three  independent  nozzle  reference 
systems  for  nozzle  pitch  differ  from  the  orbiter’s  XQ,  YQ , ZQ  reference 
system  by  u 1 3°  rotation  angle  from  vertical. 

Ihe  following  equations  were  used  to  convert  nozzle  gimbal  angles, 
a and  to  <p  and  y , the  two  angles  that  the  fixture  uses  to  duplicate 
the  given  angles: 


(1)  tan  <fi  = 

(2)  tan  y * 


- tan  f 
tan  a 

sin  ft  + cos  , <t> 
tan  a - tan  ^ 
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Also,  0 = 90°  - y for  the  following  fixture  settings: 


| TOP  NOZZLE: 


i 

AERO 

SETTING 

FIXTURE 

SETTING 

f 

* 

0 

i 

Hull 

& Firing  G = 0,,  = 0 

0° 

+ 3° 

f 

°P 

= +11 

0° 

+ llt° 

l 

°P 

= -11 

l8o° 

CO 

o 

i 

'h 

i 

G.. 

I 

= +9 

288° 

9.5° 

? 

4 

gy 

= -9 

71.7° 

9.5° 

f 

Gr 

= +ll,  (v  3 -9 

O')  r O 
.K-  • ) 

16.5° 

BOTTOM  111  Pi1  NOZZLE : 


Firing  (R3.5)  G„  * -3.5 

o 

CO 

3° 

Gp  = +11 

336.5° 

O 

CO 

Gp  = -11 

193.6° 

1U.1»° 

Gy  = +9 

256.7° 

12.8° 

Gy  = -y° 

118.3° 

6.2° 

Gp  = +11,  Gy  = -9 

3';.  1»2° 

9. 7° 

M 

f— * 

ti 

o 

II 

229 . 0 

U .6° 

i 


i 

| 

! 


i-yi'TOM  RIGHT  NOZZLE: 
AERO  SETTING 


fixture  SETTING 


Firing  (L3.5)  ( 

!y  = +3.5 

l80° 

3° 

(j  = +11 

23.5° 

8.7° 

P 

Gi- = “ 1 1 

l66 .2° 

ll-.lt0 

G..  = -*-9 

2Ul.8° 

6.2° 

I 

G..  = -9 

103.3° 

12.8° 

I 

Op  * +ll» 

(:Y  = “9 

57.7° 

1U.7° 

Null  Gp  = 0 = 

s 

130.6° 

It.  6° 

T’he  Ames  high 

pr^ssu  ro*  ni  r 

supply  was  utilized 

for  cold 

,, Minuting  from  the  orbit.,-,-  MPG  and  GUM  nozzles.  The  orb  Iter  MRS  nnd  "«'• 
nwAle*  hud  independent.  controls  for  aepumte  throttling  of  eacn  r.yr.V'r. 
,,f  u„zzles.  F.RM  ,;u;.i-ou!t  plumes  eoulu  be  produced  without  gene  rat  in*. 
opbit, -r  plumes  but  vice  versa  was  not  true.  Plume  shapes  for  various 
Mach  numbers  were  produced  by  setting  specific  values  ofPc/PT  for  the 
orb  iter  nozzles  und!'^,  for  the  GUM  nozzles.  Listed  below  are  the 
pr-essur--  ration  us-d  for  nominal  mid  off-nominal  conditions. 


. 'Y  , ,Vi TW 


1 

1 

n 

nozzle 

M 

to 

R /V 

p /p 

o'  T 

p /p 
e'  T 

CONDITION 

J 

\ 

1 

! 

i 

/.■ 

t 

1 

ERM 

2.5 

3.1+90 

87.21 

.9158 

nominal 

^ . 5 

TOO 

1+1.08 

.1+291+ 

.^71  nominal 

3.0 

2686 

73.13 

. 7679 

nominal 

f 

v; 

3.0 

2686 

73.13 

.7679 

nominal 

| 

*i. 

3.0 

ill  1+0 

39.20 

.1(116 

.536  nominal 

!l 

v 

?. 

3.0 

1(030 

110.0 

1.15 

1,5  nominal 

1 

i 

} 

t 

3.5 

6000 

78.66 

.8260 

nominal  * 

1 

1 

1 

3-5 

3312 

1+3. 1+2 

.1(56 

552  nominal 

<■ 

i 

3-5 

81(00 

110.0 

1.15 

1 . U nominal 

1 

ORB ITER 

P.5 

53l( 

31.255 

.3720 

nominal 

P.5 

25J 

3.1+.721 

.1752 

.^71  nominal 

!; 

3.0 

987 

26.86 

.3198 

nominal 

3.0 

530 

1 )(.)+0 

.1711+ 

.536  nominal 

3-0 

l)(8o 

l+l.o 

.1+80 

1.5  nominal 

3.5 

1 820 

23.86 

ro 

CD 

O 

nominal  * 

3.5 

1005 

13.17 

.1568 

•552  nominal 

J: 

3.5 

3090 

1(1.0 

.1+91+ 

1.7  nominal 

V 

* Bo  l icl  pluirio:;  avail  utile 

for  Ui  i a t 

:'onditi.  on 

C 

The  ROUT  war.  in 

ouri  ted 

< )n  th ( * Ame s 2 „ 5-  j n ch 

Tank  MK-1 J I si  x-  componeri  t 

* 

| 

irtornal  balance. 

Tile  rri( 

>«k  ■ 1 angle 

attack  was  indicated  by  an  Ames 

* ■ 
+ 

1 

i; 

t 

il;uiRj.oUmoU*r  and  angle  ni 

: j i 1 1 e s ! i 1 > 

wan  indicated  by  sector  read-out 

I . 

* 

t 

pi  ug  s ting /b al on oe 

doHor 

‘tiorn; . 

i . 

r>). 


The  lefthand  wing  panel  was  instrumented  with  a three- component 
single  flexure  moment  balance.  The  elevons  of  the  lefthand  wing  panel 
mid  the  rudder  were  each  instrumented  with  a single  flexure  single- 
component moment  balance. 

The  righthand  orb j ter  wing  panel  was  instrumented  with  forty  {ho) 
static  pressure  taps.  A total,  of  sixteen  (l6)  base  and  cavity  taps  were 
installed  for  use  in  correcting  chord  force  measurements. 

The  orbiler  MK3  nozzles  each  had  twelve  ( 12 ) external  static  taps 
• it  various  radial  ?md  longitudinal  locations.  The  nozzles  were  rotated 
to  obtain  a comp  Lett?  pressure  survey  around  each  nozzle. 


The  foJ  lowing  coni'i juration  components  were  tested: 
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Do  H .nit  ion 

tiody 

Canopy 

Man  i pn  i ator  hour,  1 ng 
body  I * I ; tp 

Oi’h i l a I maneu vo  ri  ng  subsystem  (OME)  pod 
0MK  nozzles 


Orb  it,  or  nozzles 

Orbit. or  pro: 

'.sure 

no zz le  s 

OHM  nozzles 

M = 

rr> 

0.9, 

OJ 

i — ! 

KRM  nozzle:; 

M(o  = 

3.0, 

3.5 

OHM  nozzles 

( mi  s 

match ) 

OHM  nozzles 

forward 

Vert,  j enl  Ini 

1 

h M < h 1 < * r 

W i nr 

K 1 rivon 

Trans  i t.  i on  r 

;t,  r i p 

;'HM  (-.'A) 

(-)») 

I'h'M  inr  1 v*  ? 

i]  iv, 

rward ) 

KOI  II1 


The  Toll  owing  table  summarizes  integrated  vehicle  (OTS)  ccnfigu- 


ru  t i uiis  invest  i gated  : 


Configuratis 

0, 


Description 


Baseline  2A  orbiter 

13 10  S DJ  KU  M3  N8  w9  v5  R5  W8t  El8  X10 


Baseline  ? A orbiter  with  static  taps  on  the  three 
MPB  nozzles 

B . . C.  D K,  M#.  N0  N r V R Wn  E r 7 
1-0  Y 1|  3 8 10  9 87  18  10 

Same  as,  0 with  top  MPG  nozzle  blocked 


l''h 


Dame  as  0^  with  lowc.  left  hand  MPG  nozzle  blockee 
Baseline  configuration  k E0HT  T1Q 
Baseline  configuration  U SRM 

10  lo 

Game  as  it  shifted  forward  71  in,  full  scale  S _ h’ 

1 11  ^0 

Same  as  G^  but  with  mismatched  SRM  nozzles  S^iJ^ 
Baseline  PA  SRM  G -N  „ 

W 1 u 


These  symbol  s art'  used  us  a.  shorthand  notation  to  designate  group 


of  components  on  the  Data  Set/Run  Number  Summary  (Table  Ila,). 


TL3T  FACILITY  DESCRIPTION 


The  Ames  Research  Center  Unitary  Plan  Wind  Tunnel  8-  by  7-foot  super- 
sonic test  circuit  is  a closed- return,  variable-density,  air-medium  facility 
with  a l6-foot-long  test  section.  The  throat  has  flexible  sidewalls  for 
control  of  tunnel  Mach  number.  The  8-  by  7-foot  tunnel  uses  the  same 
motors  and  compressors  as  the  9-  Ly  7-foot  circuit. 

The  tunnel  is  capable  of  attaining  Mach  numbers  from  2.U5  to  3.50  at 
Reynolds  numbers  from  below  1.0  x 106/ft  to  approximately  5.0  x 106/ft. 

Models  are  supported,  in  general,  from  stings  mounted  to  a body-of- 
revolution  on  a floor-to-ceiling  strut  system.  Internal  strain-gauge 
balances  are  used  for  force  and  moment  data,  and  pressure  instrumentation 
is  provided. 

Schlieren  and  shadowgraph  equipment  is  available,  as  well  as  additional 
force,  moment,  and  stress  monitoring  instrumentation  for  specific  models. 


DATA  REDUCTION 


The  Iefthand  wing  panel  uas  instrumented  with  a single- flexure  three 
component  moment  balance.  This  balance  was  temperature  compensated  and 
gave  accurate  measurements  at  all  tunnel  temperatures. 

Tiie  two  elevons  on  the  Iefthand  wing  panel  and  the  rudder  were  each 
instrumented  with  single  component  moment  balances.  These  balances  were 
not  temperature  compensated  and  experienced  large  zero  shifts  during  the 
test.  During  any  specific  pitch  or  yaw  run  the  zero  shifts  were  negligible. 
However,  during  a series  of  pitch  and  yaw  runs  the  zero  shifts  happened 
at  a point  that  cannot  be  determined.  The  sensitivity  did  not  change. 

The  tabulated  data  for  these  components  ( CHE  , CH^  , CH^)  are  presented 


and  shou]  i be  used  only  for  obtaining  slopes  of  these  measurements  vs. 
a or  6 and  should  not  be  used  for  defining  magnitude  of  the  moment  load. 
Center  of  pressure  (XCP): 

aN  _ + dN 

XCP  = MRP  (XT)  - 


■1  ■ N2 


XCP  ~ EOHT  station,  inches  (model  scale) 

Ascent  vehicle  total  chord  force  coefficient  (C  ) 

T 


C - C + CA  + CA 
^BAL  CORB  C 


•OUT 


+ C.  + CA  + C, 

^C 

sRM  ORB  SRM 


where : 


'V 


'EOHT 


= - C, 


+ cA 


'ORB 


ORB 


# * 

= - cA  + cA 
Ar  K 

EOHT  EOHT 


= - CA 


+ c 


'SRM 


3 Rid 


SRM 


,4 
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and: 


r 102 
'i  - 101 


. 102 
Li  - 101 


Cp, 

WFi 


CAb0RB 


. 204 

i - 201 


WFi 


cAn 


ORB 


+ 


r 204  CP 
1 - 201 

E 204  WF, 
L1  - 201  1 


304  CP  /AC 


'Ac 


i - 303 


LOHTl 


EOHT 


. 304 

'1  - 303 


WFi 


SREF 


* 

Ca. 

bE01lT 


302 

- 301 
302 

- 301 


cPi 


WFi 


- 104 

1 « 103 

- 104 
li  - 103 


cPi 

WFt 


CAbSRM 


- 404 

1 ■ 401 

- 404 
ll  - 401 


C*1 


WFt 


Cansrm 


404 

1 - 401 

I 404 
1 - 401 


cPt 


WFi 


SO 


Ascent  vehicle  total  pitching  moment  coefficient  (C^) 

r - r r*  ZCORB  + r*  ZcORB 

“T  MBAL  ' LaC0RB  tREF  UAb0RB  Zrep 


"ORB  * 
- Ca 


*ref  Aceoht  aref 


*bEOHT  *REE 


~ CAcSRM  *REF  ■ + Ca' 


ZcSRM  c ZnSRM 

bSRM  £REF  ^SRM  tREF 


Substituting: 


cMr  “ cMbal  + Cacorb  [«^ef  J + CAnorb  [*ref  J + CAceoht  [ aREF 
Zcsrm|  [ Znsrm 

AcSRM  [AREF  ] ANSRM  [ *REF  . 

Forebody  chord  force  coefficient  (C/^) : 


CAf  - CAt  - CA, 


b0RB  AbE01IT  AfaSRM 


CAbOMS  CAbOMSN  CAbACPS 


where: 


£i  “:oi  CPl  P<™ 


I 20/  WF,  SREF 

1 - 201  i L 


'bE0HT 


£ 302  Cpi  V 

1 - 301  Lc 

£ 302  WF<  S*E1 

^i  - 301  1 >- 


.“Joi  CPl 


£ 404  WF<  Sri:f 

ll  - 401  1 *■ 


. Ab0MSN 
S>MS»  ‘'<CP305)  ~^T 


AbOMS 

CAfaOMS 

(CP  1 Of  ) 

,SREF  . 

CAbACPS  " (Cp405) 


Afa 


ACPS 


SREF 


Ascent  vehicle  forebody  pitching  moment  (C^f) : 


Zb 


cMf  " cMr  CAboRB 

fZbSRK 


ORB 


" CAb 


SRH 


“ CA, 


Aref 

Zb 


Aref 
- Ca 


- cA, 


bE0HT 


Zb 


EOHT 


lREF 


bOMS 


zb; 


OMS 


bOMSN 


OMSN 


aref 


- Ca, 


aref 

ZbACPS 


bACPS 


Aref 


Wing,  base,  cavity,  and  upper  MPS  nozzle  pressure  coefficient  (Cp^) 

•i-M 


Elevon  hinge  moment  (Cr^)  : 


CHe 


me i ^e i 

q Se  Ce 


(Inboard) 


Ke 

CH  ■ — f — 7T-  (outboard) 
eO  <>  se  ce 


cHe 


o 


where : 

m*  ■ raw  cts 

K * calibration  factor ^in.-lb/ctsj 


Rudder  hinge  moment  (C^) : 


“r  r 

c«r  " q Sr  cr 

Wing  bending,  torsion,  end  load  CP: 

Convert  rev  data  counts  to  in. -lbs:  (basic  slopes) 
where: 

m'  ■ raw  data  cts 

Kjj  ■ calibration  factor^ln.-lb/ct^ and  i ■ gage  number 
j ■ order  of  term  of  second  degree  curve  fit 

m^  ■ m^  + (mp2  K12  (inboard  gage) 

2 

*2  • -2  *21  + K22  (outboard  gage) 

2 

"3  " “3  K31  + (b3>  K32  (torsion  gage) 

Taking  interactions  into  account: 

"3  + (j^)  <m3)2 
2 

m3+(j^)  ("3)2 

2 .4 

"2*ft)2  <»2>2 

Determine  loads  and  coefficients: 

/M1  " ”2 

r JV_ 

C«W  " q SW 

. ^M2  * YW  V 

BW  q Sw  by 


J3 


Determine  loads  and  coefficients : 


M„ 


" q SW  CW 

— 

XGpy  - *HL  " CW 


^Bn 

^CPw  - yroot  + 


bW 


Jet  Plume  Parameters  (RP(^  j*  RPe^  )^: 


RPC(  } - 144 


PC 


Li 


RP  m 2,44  .e(  ) 

We(  ) Pt 


1 

*r 


P« 


r 


The  following  reference  dimensions  and  constants  were  used: 


Full  Scale 

Model  Scale 

ACPS 

28.^2  ft2 

0.01026  ft2 

572.56  ft2 

0.2067  ft2 

A. 

OMS 

16.973  ft2 

0.00613  ft2 

A. 

OMSN 

25.631  ft2 

0.00925  ft2 

^ORB 

226.75  ft2 

0.08186  ft2 

Ah  (£V 
°SRM  6 

512.1*65  ft2 

0.185  ft2 

Ah  (Sin} 

°SRM  10 

183.01  ft2 

0.0661  ft2 

> 

o 

H 

366.5  ft2 

u.132  ft2 

Aq 

ORB 

302.1*0  ft2 

0.1092  ft2 

Aq 

SRM 

181.378  ft2 

0.0651*  ft2 

an 

ORB 

11*1.1*1*  ft2 

0.0511  ft2 

SRM 

219.02  ft2 

0.0791  ft2 

a 

- 

-2.783  in. 

bw 

363.31*1  in. 

6.903  in. 

Ce 

90.7  in. 

1.723  in. 

C 

r 

7>*. 1*  in. 

l.UlU  in. 
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Full  Scale 


Model  Scale 


c 

w 

513. W in. 

9.756  in. 

d 

- 

-11.283  in. 

e 

- 

0.0  in. 

f 

- 

-3.533  in. 

g 

- 

-10.533  in. 

4:f- 

1328.0  in. 

25.232  in. 

a 

0 

210.0  ft,4"  per  wing 
panel 

0.0758  ft 

( * 
k_> 

r 

106.38  ft2 

0.0381*  ft' 

sw 

IOO6.5  ft2 

0.363  ft2 

SHEF 

2690.0  ft2 

0.971  ft2 

- 

O.5638  in 

hi 

1150.79  in. 

21.865  in. 

yw 

- 

0.11*23  in, 

^ ROOT 

105.0  in. 

1.995  in. 

Z. 

acpu 

UOO.yfly  In. 

7.656  in. 

V 

0.0 

0.0 

1*15.505  in. 

7.895  in. 

2L 

often 

1*37.91*  in. 

8.321  in. 
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w- 

( 


Positive  Case  Output  Negative  Gage  Output 


1 — 1 
cn 

539.9926  in.  -Ib-v/mv 

538.9718  in.  - 

K32 

0.0 

0.0 

( 

0.0 

0.0 

( Dm^/Sm^) g 

0.0 

0.0 

( an^/Bm  ^ 

-.010562 

-.004132 

( am1/am3)2 

0.0 

0.0 

( am2/am1)1 

0.0 

0.0 

( am^/am^Jg 

0.0 

0.0 

( 3m2/am3 ) 1 

.0141*58 

.018206 

( am2/3m^)2 

0.0 

0.0 

( am3/am1)1 

.022277 

.029935 

( Sm^/ani-,  )2 

0.0 

0.0 

( am^/3m2)1 

-.031554 

-.03498 

( am-^/an^^ 

0.0 

0.0 

> 


TEST 


IA12C  (ARC  87-710) 


[DATE  J July,  1973 


TEST  CONDITIONS 


MACH  NUMBER 


REYNOLDS  NUMBER 
(per  unit  length) 


DYNAMIC  PRESSURE  STAGNATION  TEMPERATURE 
(pounds/sq.  ft ) , (degrees  Fahrenheit) 


BALANCE  UTILIZED: 


■5-inch  Task  MK  III 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


fwd  NF 
fwd  sp 


aft  NF 
aft  SF 


lLOO  lbs 
700  lbs 
280  lbs 


COMMENTS:  Model  was  also  instrumented  with:  elevon  arid  rudder  hinge 

moment  gages,  wing  3-component  balance,  nozzle  and  wing  pressure  orifices 
and  base  pressures. 
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TABLE  II.  - COLLATION  INFORMATION 


TEST  RUN  NUMBERS 
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TEST  RUN  NUMBERS 
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E II.  COLLATION  INFORMATION 
ARC  P7-T10  Data  Set 'Run  Number 
Collation  Summary 
Nozzle  Pressure  Dats 


TAbLE  III.  - MODEL  COMPONENT  DIMENSIONAL  DATA 


WOEL  COMPONENT:  BIO  - Body 


GENERAL  DESCRIPTION:  Fuselage,  2A  Configuration,  Lirhtw«ip;ht 

Orbiter  per 

Rockwell  Lines  VL70-000089  ''3". 

Scale  Model  = O.OI9 

VL70-OOOoR9  "B" 
ORAWING  NUMBER:  SsSlooOd?2’  93 ’ 

94  "A" 

DIMENSIONS: 

FULL-SCALE 

MOOEL  SCALE 

Length  in. 

1328.3 

25.238 

Max.  Widths  in.  (ex*,  = 1528.31 

265.0 

5.035 

Max.  Depths  in.  (©Xq  1480.5?) 

248.0 

4.712 

Fineness  Ratio 

5.01? 

5.012 

Area  ~ Ft. 2 

Max.  Cross-Sectional 

456.4 

0.1648 

Planform 

Wetted 


TABLE  III 


Continued 


MOOEL  COMPONENT: 


- Manipulator  Housing 


GENERAL  DESCRIPTION:  2A  Configuration  Per  Rockwell  Lines  VL70-Q00Q93 


Scale  Model  = 0.019 


DRAWING  NUMBER: 


VL70^000093;  SS-A-00092 


DIMENSIONS: 


FULL-SCALE 


MOOEL  SCALE 


Length  — 'in. 
Max.  Width  ~in. 
Max,  Depth  ---in. 
Fineness  Ratio 


891.0 


16.739 

0.969 


0.437 


Max.  Cross-Sectional 
Planform 


Wetted 


Location  at: 

^ Fuselage  BP  = 0.0 

WP  « 500  0 INFS 
Xo426.0  to  Xq1 307.0  INFS 


/ 


TABLE  III.  - Continued. 


MODEL  COMPONENT:  r,f  Ro,iv  Flap 


GENERAL  DESCRIPTION: 


FlaD  Used  on  Light  ■v'nrri.  Crhit-or  -..on firuoal ion 


Model  Scale  = 0.019 


DRAWING  NUMBER: 


VL-7Q-6oOO%  "A",  SS-A-00092 


DIMENSIONS: 


FULL-SCALE 


Length  • in 
Max.  Width  , in 
Max.  Depth 
Fineness  Ratio 

Area,  Ft2 

Ma*.  Cross-Sectional 

Planform 

Wetted 

B».se 


84.70 


245.00 


142.64 


38.65 


MODEL  SCALE 

1.609 
4.015 


0.05149 


0.01395 


5l* 


TABLE  III. 


Continued. 


MODEL  COMPONENT:  M-^  - QMS  POD 

GENERAL  DESCRIPTION:  2a  Lightweight  Orbiter  Configuration  per  Rockwell  Lines 

VL70-0Q0QQA  " A ?l 


Scale  Model  = 0.019 


DRAWING  NUMBER:  VL70-000094  "A";  SS-A-00092 


DIMENSIONS:  FULL-SCALE 

Length  in.  346.0 
Max.  Width— in.  y Xo  1450.0  1Q8.Q 
Max.  Depth— in.  xQ  1500.0  m . 8 


Fineness  Ratio 
Area 

Ma*.  Cross-Sectional 

P 1 anf  ciTi 

Wetted 

Base 

<£of  OMS  POD 

7o  = 463.9  INFS:  WP400  + 63-9  = 463.9  INFS 

Yo  - 80.0  INFS 

Length:  Xq  1214.0  to  Xq  1>60.0  = 346.0  INFS 


MODEL  SCALE 


6 . 571 
2.05? 


£.162, 


55 


TABLE  III. 


Continued. 


MODEL  COMPONENT : NOZZLES  - Ng __ 

GENERAL  DESCRIPTION:  Basic  QMS  nozzle  of  configuration  2A  per  Rockwell  Linea 

VL70-008306  and  VL70-000089 11 B " . Intersection  of  nozzle  exit  plane  and 

nozzle  centerline  at  XQ  = 1570.75,  Yo  88  +99«  25  > Zp  - 507.25 

MODEL  SCALE  = .019 

DRAWING  NO.  VL70-008306,  VL70-000089"B11,  SS-A00092 

DIMENSIONS  FULI.  SCALE  MODEL  SCALE 

Mach  No.  

Length  ~ in. 

Girabal  Point  to  Exit  Plane  

Throat  to  Exit  Plane  

Diameter  ~ in. 


Exit  5Q«°°  - °/.9j0. 


Throat 

N/A 

N/A 

Inlet 

28.00 

0.532 

2 

Area ~ ft  . /Nozzle 

Exit 

13.635 

0.00493 

Throat 

Gimbal  Point  (station)'- in. 

X 

1518.0 

■ 28.842 

y 

+88.0 

1.672 

z 

492.0 

9.348 

Null  Position ~ deg. 

Pitch 

15°49‘ 

15°49' 

Yaw  (Outb'd) 

+12°17' 

+12°17' 

TABLE  III.  - Continued 


MODEL  COMPONENT : KpS  flQZZLES.  - ll  SL  

GENERAL  DESCRIPTION:  Orblter  nozzles  uaed  for  cold  plume  simulation  H = 

1.25.  1.55.  2.0.  3.0  and  3.5.  All  (3)  nozzles  are  mo.unted  to  b&U  ap^hsta 

with  gimbal  angles  of  +11 0 pitch  and  +9°  yaw  from  null. 

MODEL  SCALE  = .019 — — 

DRAWING  NO.  SS-A00092;  SS-AOOQ95 

DIMENSIONS  FULL  SCALE  MODEL  SCALE 


Mach  No.  0.9  thru  3.5 

Length ~ in. 

Gimbal  Point  to  Exit  Plane 
Throat  to  Exit  Plane 
Diameter  ~ in. 

Exit 

Throat 

Inlet 

Area  ~ ft2.  /Nozzle 
Exit 
Throat 

Gim'oal  Point  (station) ~in. 

Upper  Nozzle 
X 

Y 
Z 

Lower  Nozzles 
X 

Y 
Z 


90.730 

28.126 


1.7238 


0.5344 


37.336 


0.7094 


44.896 


0.0162 


1445.0 

C7CT 


27.455 

"0.0"' 


TuTft' 


TOT 


W .9 
r 


27.890 

1.007 


.242*6. 


6,510. 


Null  Position ~deg. 

Upper  Nozzle 
Pitch 
Yaw 

Lower  Nozzles 
Pitch 

Yaw  (outb'd) 


16°  16° 

0° 0° 


10°  10° 

3.5°  _L.i° 


TABLE  III 


Continued.. 


MODEL  COMPONENT:  KPS  NOZZLES  - NIC) 

GENERAL  DESCRIPTION:  Same  as  N9  except  each  nozzle  has  (12)  external  static 

pressure  taps  on  their  surfaces 


MODEL  SCALE  = -019 

DRAWING  HO.  SS -A 00092,  SS-A 00095 

DIMENSIONS  FULL  SCALE  MODEL  SCALE 

Mach  No.  _ 

Length  ~ in. 

GirabaD  Point  to  Exit  Plane  

Throat,  to  Exit  Plane  

Diameter  ~ in. 

Exit  

Throat  

Inlet  

Area  ~ ft 

Exit  

Throat  

Gimhal  Point  (station)  ~in. 

Upper  Nozzle 

X 

Y 

Z 

Lower  Nozzles 

X 

Y 

Z 

Null  Position ~deg. 

Upper  Nozzle 

Pitch  

Yaw  - 

Lower  Nozzles 

Pitch  

Yaw 


TABLE  III 


Continued 


MODEL  COMPONENT:  NOZZLES  - N3.7 : 

GENERAL  DESCRIPTION : BSRM  Nozzle  (Qm  = 11°)  used  for  cold  let  plume  simulation 

at  M = .9  and  1.2  = 7.0)  


MODEL  SCALE  ^ 0.019 

DRAWING  NO.  SS-h00110 

DIMENSIONS 

Mf.ch  No.  .9,  1.2 

Length  — in. 

Gimbal  Foint  to  Exit  Plane 
Throat  to  Exit  Plane 

Diameter ~ in. /Nozzle 
Exit 
Thi  oat 
Inlet 

Area  ~ ft  /Nozzle 
Exit 
Throat 

Gimbal  Point  (station) ~ in. 

X 

Y 

Z 

Mull  Position ~ deg. 

Pitch 

Yaw 


FULL  SCALE  MODEL  SCAIE 


53.611 

69.316 


2.692 

1.019 

1.317 


109.489  0.0395 


2338.790  44.439 
+243.000  +4.617 
400.000  7.600 


0° 

0° 


0° 


§ 

k 

TABLE  III.  - Continued. 


I MODEL  COMPONENT:  NOZZLES  - N 18 

jj  GENERAL  DESCRIPTION:  BSRM  Nozzle  (6n  = 24 .4°)  used  for  cold  .let-  «'tmiil*.tion 

i 

J at  M = 3.0  and  M = 3.5  1 

” - ■ . - - J— - 1 " -nrrr--.-..  ■ - ■ — , 

I MODEL  SCALE  = .019 

{ 

f DRAWING  NO.  SS-A00110 

* 

f DIMENSIONS  FULL  SCALE  MODEL  SCALE 

Mach  No.  2.5,  3.0,  3.5 


Length  ~ in. 

Gimbal  Point  to  Exit  Plane 
Throat  to  Exit  Plane 

Diameter  ~ in. 

Exit 

Throat 

Inlet 

Area '-  ft  . /Nozzle 
Exit 
Throat 


53.611 

69.316 


1.0186 

1.317 


109.489  0.0395 


Gimbal  Point  (station )~ in. 

X 

2338.790 

44.437 

Y 

+243.000 

+4.617 

Z 

400.000 

7.600 

Null  Position ~ deg. 

Pitch 

0° 

0° 

Yaw 

60 

0° 

0° 

N id 


TAULti  ill 


Conti  .idea 


MODEL  COMPONENT : NOZZLES  - N29 

GENERAL  DESCRIPTION:  BSRM  Nozzles  mismatched  on  left  and  right  aide1  ^.e..  left 

nozzle  contour  and  location  same  as  Ni8  and  right  nozzle  contour  and  locations 

same  as  N17  (£  = 7.0) 

MODEL  SCALE  = .019 

DRAWING  NO.  SS -AOOllO 

DIMENSIONS  FULL  SCALE  MODEL  SCALE 

Mach  No. 

Length  ~ in. 

Gimbal  Point  to  Exit  Plane  

Throat  to  Exit  Plane  _____ 

Diameter ~ in. 

Exit  

""hroit 

Inlet 

Area  ~ft'\ 

Exit 

Throat 

Gimbal  Point  (station) ~ in. 

X 

T 

Z 

Null  Position  ~deg. 

Pitch 


TABLE  III.  - Continued. 


MODEL  COMPONENT:  NOZZLES  - N^O — 

GENERAL  DESCRIPTION:  BSRM  Nozzle  same  as  N18  except  moved  forward  71"  full  ggal«u_ 

Gimbal  point  also  moved  forward  71"«  Used  for  Mach  No.  'a  2.5»  3»0»  *nd  3«5 


MODEL  SCALE  " .019 

DRAWING  NO.  SS-A00110 


DIMENSIONS 


FULL  SCALE 


MODEL  SCALE 


Mach  No. 


Length  ~ in. 


Ginbal  Point  to  Exit  Plane 
Throat  to  Exit  Plano 


Diameter  ~ in. 


Throat 


Inlet 


Area  ~ ft 


Throat 


Ginbal  Point  (station)-  in. 


Null  Position  ~de£. 


Pitch 


t 


TABLE  III. 


Conti  i aed. 


MODEL  COMPONENT;  VERTICAL  - V5  (Light  Wt.  Orbit qr  Configuration) 

GENERAL  DESCRIPTION:  lente^line  Vertical  Tail.  Double  Wedt'c  Airfoil  with 

Rounded  Leading  Ed^e 


Model  Scale  = 0.019 


DRAWING  NUMBER:  VL-70-00009^ : SS-A-OOOO? 

DIMENSIONS:  FULL-SCALE 


TOTAL  DATA 

Area  (Theo)  Ft2  4l'j.2r> 

Planform 

Span  (Theo)  In  11*5.7:; 

Aspect  Ratio  1. 475 

Rate  of  Taper  77750 7 

Taper  Ratio  TTZot 

Sweep  Back  Angles,  degrees 

Leading  Edge  4r..000 

Trailing  Edge  2&. 249 

0.25  Element  Line  4l .130 

Chords:  Inches 

Root  (Theo)  WP  268.5c 

Tip  (Theo)  WP  108. /*7 

MAC  199. ^ " 

Fus.  Sta.  of  .25  MAC 

W.  P.  of  .25  MAC  A33. s;  ‘ 

B.  L.  of  .25  MAC  G.O 

Airfoil  Section 

Leading  Wedge  Angle  Deg  10. go 

Trailing  Wedge  Angle  — Deg  14.92 

Leading  Edge  Radi  us > 2.00 

Void  Area  Ft-  ’ 11.17 

Blanketed  Area  —Ft*-  12.67 


MODEL  SCALE 


0.1492 


14 22- 
l.<73 

0.507 

0.404 

45.0(H) 
26.249 
41  • 2 30 


5 . 10? 
?.0'3 

27.807 

12.073 


1^-92 

- 

iLiM 


I'AIiLE  II t. 


Continued. 


MOOEL  COMPONENT:  rs  - Rudder 

GENERAL  DESCRIPTION:  2A  Configuration  per  Rockwell  Lines  VL  70-000095. 


Scale  Model  = 0.019 

DRAWING  NUMBER:  VL70-000095  ss-AOfinqi,  92 


DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Area  — pt2 

106. 38 

0.03% 

Span  (equiva1  ent)— iu 

201.0 

3.819 

Inb'd  equivalent  chord,  1x4 

Outb'd  equivalent  chord,  ir; 

-JQxSli 

0.966 

Ratio  movable  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

0.400 

0.400 

At  Outb'd  equiv.  chord 

0.400 

0.400 

Sweep  Back  Angles,  degrees 

Leading  Edge 

34.83 

Tailing  Edge 

26.25 

26.25 

Hingel ine 

34.8 3 

.J4;83 

Area  Moment  (Normal  to  hinge  line)  — Ft5 

526.13 

0.00361 

^Product  of  Arva  ini  f-Vm  Chord) 


i'Ai^LP  Iil.  - Coiicrl  u . 


MODEL  COMPONENT: ay  Lightweight  Orbit er — . — 

GENERAL  DESCRIPTION : Orbiter  Confir.uration  per  Rockwell  Lines  VLZQ-QQQQfrJ 

vr/rc  (Dihedral  angle  is  defined  at.  the  L'wer 
NOTE-  (V,„  wiljr  --.t.  the  75.224 


element  line 

rol  acted  into  a nlane  perpendicular  to__the  -r.L 


TEST  NO. 


DIMENSIONS: 


TOTAL  DATA  .. 

Area  (1'heo.)  Ft 
PI  an form 
Span  (Theo  In. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  Angle,  degrees 
Incidence  Angle,  degrees 
Aerodynamic  Twist,  degrees 
Sweep  Back  Angles,  degrees 
Leading  Edge 
Trailing  Edge 
0.25  Element  Line 
Chords : -v  j;; 

Root  (Theo)  B. P.0.0. 
Tip,  (Theo)  B.P. 

MAC 

Fus.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  MAC 


EXPOSED  DATA  2 

Area  TTneb ) Ft 
Span,  (Tneo)  In.  BP108 
Aspect  Ratio 
Taper  Ratio 
Chords 

Root  BP 108 
Tip  1.00  b 

MC  1 

Fus.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 

Airfoil  Section  (Rockwell  Mod  NASA) 
XXXX-64 


t/c  r*Root  b * o .ips 

7 

XJc  i.oo 

v 1 

Data  for  (1)  of  (2)  Sides 
Leading  Edge  Cuff  2 
Planform  Area  Ft  . 

Leading  Edge  Intersects  Fus  M.  L.  9 5ta 
Leading  Edge  Intersect*  Wing  9 Sta 


DWG.  NO.  VL7C-OOOQ93 

SSA-ACJ0091,  42 

FUI  L- SCALE  MODEL  SCALE 


2690.0 


45.000 


689.24 


1752.25 


T20.68 

2 .058. 


562.40 

137,55 


300.20  ~ 

271.76 


0-9/1- 

17-797 

2.265 

1 . 177 
0.2o6~ 

3.500 


+3 . QOQ 


i*5.0G0 


13.096 


0.633 


;o.6ga 

2.Pi9_ 


7 J.68 


~ 10.6i.Q- 
10.665 


TABLE  III.  - Continued. 


MODEL  COMPONENT:  E18  - Elevon 


GENERAL  DESCRIPTION:  2A  Configuration  Per  W-87  Rockwell  Lines  VL70-OOQQ93 

Data  for  (1)  of  (2)  Sides 


Scale  Model  = 0.019 


DRAWING  NUMBER:  VL70-000093;  SS-A-00092 


DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Area  ^ ^2 

— g&j2. 

0.0742 

Span  (equivalent)  ^ in. 

353.34 

6.713 

Inb'd  equivalent  chord  (B.P.ll5.0in),in 

114.78 

2.181 

Outb'd  equivalent  chord  (B.F.468.3in),in 

55.00 

1.045 

Ratio  movable  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

0.208 

0.208 

At  Outb'd  equiv.  chord 

0.400 

0.400 

Sweep  Back  Angles,  degrees 

Leading  Edge 

0.00 

0.00 

Tailing  Edge 

-10.24 

-10.24 

Hingeline  (x  « ns?"  f.  s. ) 
0 

0.00 

0.00 

Area  Moment  (Normal  to  hinge  line)  Ft 3 

1,548.07 

0.01062 

Product  of  Area  Moment 
> 

NOTE:  The  elevon  panel  consists  of  an  InBD  and  OutBD  segment.  The 

split  line  dividing  the  segments  is  at  B.P.  281  inches  full 
scale  (B.P.  5.339  inches  Model  Scale) 


TABLE  III.  - Continued. 


MODEL  COMPONENT:  SA  - Booster  Solid  Rocket  Motor  

% 

GENERAL  DESCRIPTION:  Booster  Solid  Rocket  Motor  (Light  Weight  Orbiter 

Configuration)  body  of  Revolution. 

Data  for  1 of  2 sides _ 

Model  Scale  = 0.019  


DRAWING  NUMBER:  VL-72-000061  'C'  ; VL-77-00001?  'R'  ; SS-A-00094 

DIMENSIONS:  FULL-SCALE  MODEL  SCALE 


Length  (Includes  Nozzle),  IN  1741.0 

Max.  Width  (Tank  Dia.),  IN  142 .0_, 

Max.  Depth  (Aft  Shroud),  IN  259.0 

Fineness  Ratio  6.722 

Area  , Ft2 

Max*  Cross-Sectional  365.87 

Planform  I — 

Wetted  I — 

Base  I — 

W.P.  of  BSRM  Centerline,  (Xt),  IN  k 00 

F.S.'of  BSRM  Nose  (Xt),  IN  743.- °._ 


33.080 
.2.698 
A.  921 
6.722 


0.132 


7.600 

14.112 
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TABLE  III.  - Continued. 


Model  Component:  S°Ud  Rock<!t  Motor  (Sio’ 


General  Description:  Booster  solid  rocket  motor,  body  of  revolution 
Data  for  1 of  2 sides  ~ ~ 


Model  Scale  = 0.  019 

Drawing  Number:  VL77-000039 


Dimensions : 

Full-Scale 

Model  Scale 

Length  (includes  nozzle),  in. 

1741.0 

33.  080 

Max  width  (diameter),  in. 

142.0 

2.  698 

Max  depth  (aft  shroud 

192.0 

3.648 

diameter),  in. 

Fineness  ratio 

9.0677 

9.0677 

Area  - ft2 

Max  cross-sectional 

201.062 

0.0726 

Planform 

Wetted 

Base 

WP  of  BSRM  centerline. 

400.0 

7.  600 

(XT),  in. 

FS  of  BSRM  nose,  (X  ),  in. 

743.0 

14.117 

TABLE  III.  - Continued. 


Model  Component:  S°lid  *°ck3t  Motor  <SU> 


General  Description:  Booster  solid  rocket  motor;  body  of  revolution;  data 
for  1 of  2 sides.  (See  Figure  11. ) Same  as  except  shifted  forward 

71.  0 inches  full  scale. Model  Scale  = 0.  019 

Drawing  Number:  VL77-000039 


Dimensions:  Full-Scale  Model  Scale 

Length  (includes  nozzle),  in.  1741. 0 33. 080 

Max  width  (diameter)  in.  142.  0 2.  698 

Max  depth  (aft  shroud,  dia)  in-  192.0  * 3.  648 

Fineness  ratio  9.  0677  9.  0677 

Area  - ft^ 

Max  cross-sectional  201. 062  0.0726 


Planform 

Wetted 

Base 

WP  of  BSRM  centerline, 

(XT),  in.  400.0  7.600 

FS  of  BSRM  nose  (Xj),  in.  672.  0 12.768 
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TABLE  III.  - Continued. 

MODEL  COMPONENT:  TlO  External  Tank • 

GENERAL  DESCRIPTION:  External  Oxygen  hydrogen  Tank 

Configuration  to  vriiich  the  Orbiter  and  the  Two  Solid  Rocket  Motors  attach 

Body  of  revolution 

Model  Scale  = 0.019 

DRAWING  NUMBER:  VL-70-000088  VL-78-OOQO/q. 


DIMENSIONS: 


FULL-SCALE  MODEL  SCALE 


Length , IN  (Nose  @ \ = 309. 0) 
Max.  Width  (Dia.),  IN 
Max.  Depth 
Fineness  Ratio 

Area  Pt2 

Max.  Cross-Sectional 

Planform 

Wetted 

Base 

W.P.  of  Tank  Centerline,  (X^)  IN 


1865.0 

32A-0 


5. 75617 


572.56- 


35-435 

. 6.156 


5.75617 


0.2067 


7.600 


AOO.O 


Positive  directions  of  force  coeffici* 
moment  coefficients,  and  angles  are 


Axis  systems 


Nozzle  Pitch  Plane 


Figure  le . cimbal  Planee  and  Sign  Convention* 


'igure  2 - Continued 


h.  BASIC  NOZZLE  DIMENSIONS 

Figure  - Continued. 


INCHES  FORWARD  OF  EXIT  PLANE 


0 

0.1097 

0.3365 
0.5879 
0.8660 
1.0101 
1 .3342 
1.6437 
1 . 8428 
2.0992 
2 .2421 
2 . 4012 
2.5782 
2.7743 
2 . 9918 
3 . 1995 
3.4008 
3.5307 


r/r* 


3.2257 
3.2107 
3 . 1793 
3 . 1430 
3.1010 
3 . 0786 
3 . 0258 
2.9727 
2 . 9368 
2 . 8892 
2.8615 
2.8301 
2.7942 
2 .7530 
2.7058 
2 . 6591 
2.6123 
2 . 5808 


X/r* 

r/r* 

(EXIT  PLANE 

3 .6999 

2. 5393 

3 .9169 

2 . 4828 

4.0378 

4.1718 

4.3215 

2.3754 

4 . 4862 

2.3286 

4 . 6980 

2 . 2665 

4.8990 

2. 2055 

5.0303 

5.1969 

WElm 

5. 3945 

2 . 0442 

3 . 6396 

1.9585 

5 .7848 

1 .9053 

5.9188 

1.8552 

6.1246 

1.7754 

6.3593 

1.6796 

1.5954 

1.5307 

7 . 1815 

1.7665 

7 .2455 

1 . 2665 

7 .4502 

1 . 1568 

7 .5569 

1 . 0969 

AXIAL  RADIAL  GEOMETRY 

X/R.  R/R„  DESCRIPTION 


Intarnal  Contour 


**f  O 'SSff/ 


i i' ) Front,  v i ow  of 

r.ocond  :>  t.a/7‘  (0KB1;-.  oft’) 

Firuiv 

^ i mit  vi . 
oo 

« 

- A 

APPENDICES 


TABULATED  SOURCE  DATA 

Page 

Wing  Pressure  Data  C-l 

(For  Force  Data  - See  Volume  I,  Page  A-l) 

(For  Nozzle  Pressure  Data  - See  Volume  I,  Page  B-l) 


Tabulations  of  plotted  data  are  available 
on  request  from  Data  Management  Services 
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APPENDIX  C 


WING  PRESSURE  DATA 


Dataset  Name  Key 

UBZ , Wing  Upper  Surface 

LBZ , Wing  Lower  Surface 
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T ABULATO  SOURCE  DATA  - !A12C  (W!MV  PR£S5UnES>  *AOC 
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OAT*  oa  OtC  ?A  TABUJkTEO  SOURCE  OAT A - 1A«C  (WIN&  PRESSURES) 
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